Formaldehyde used for the disinfection of a laminar-flow biological safety cabinet was oxidatively degraded by using a catalyst. This technique reduced the formaldehyde concentration in the cabinet from about 5,000 to about 45 mg/m3 in 8 h. This technique should prove useful in other applications.
Formaldehyde has been used as a space disinfectant since the latter years of the nineteenth century, and it remains one of the most effective disinfectants for the treatment of rooms, buildings, ventilated safety cabinets, and other enclosed spaces. However, formaldehyde is very irritating and has a ceiling threshold limit value of 3 mg/m3 (2) . Personnel exposure and environmental contamination should be minimized.
We describe a catalytic oxidation technique which reduced the concentration of formaldehyde in a laminar-flow biological safety cabinet from about 5,000 to about 45 mg/m3 in 8 h. The lower concentration was rapidly diluted to below the 3-mg/m3 ceiling threshold limit when the hood was exhausted by the ventilation system of the building. This technique should prove useful in other operations.
MATERIALS AND METHODS
Formaldehyde was generated in a laminar-flow biological safety cabinet (6 feet [ca. 1.82 RESULTS Analysis of the formaldehyde collected in the impingers showed that in 70 of 72 samples, more than 99% of the formaldehyde collected was in the upstream impinger. In the other two samples more than 98% and more than 95% were in the upstream impinger.
The total amount of formaldehyde collected was expressed as concentration of formaldehyde in air and was plotted as a function of time ( Fig.  1 ). The solid lines in the figure are smooth curves drawn through the arithmetic means of the data obtained with and without the catalyst. The dashed line was drawn for a perfect catalyst (100% efficient) and instantaneous and complete mixing of the formaldehyde and air within the cabinet (see below and 40%. This is fairly substantial, especially for the tests made with the catalyst. When the data were normalized, and the coefficients of variation were recalculated, the results were as follows: for tests without the catalyst, the coefficeint of variation ranged from 4 to 16% with a median of 13%, and for tests made with the catalyst, the coefficient of variation ranged from 18 to 65% with a median of 30%. We conclude that the data were fairly reproducible; this conclusion is strengthened when it is recalled that for small values of the arithmetic mean, such as were obtained at 7 and 8 h in the tests made with the catalyst, the coefficient of variation can become quite large. It should also be noted that no significant differences between the tests with the hood fan only and tests with the hood fan and the heater could be discerned.
In the tests made without the catalyst, the formaldehyde concentration decreased by a factor of about 4 over 8 h, from 6.6 x 103 to 1.5 x 103 mg/m3. This was probably caused by formaldehyde condensation on the (relatively) cool surfaces of the hood. Although the air temperature in the hood was usually 40 to 450C, the hood surfaces must have been cooler, because the laboratory temperature was 20 to 220C. At 200C the equilibrium vapor concentration of formaldehyde in air is about 2 x 103 mg/m3 (1). In the tests made with the catalyst, the formaldehyde concentration decayed exponentially for about 4 h, to about 250 mg/m3, and then tailed off. This behavior is probably explained by the gradual desorption of fornaldehyde from surfaces, since the air concentration of formaldehyde was much lower than the equilibrium vapor concentration at the prevailing temperature.
The equation which describes the disappearance of a contaminant from a ventilated space is C = Coe-Qt/lv, where C is the concentration at time t, Co is the concentration at time zero, e is the base of natural logarithms, Q is the ventilation rate, and V is the volume of the space (5). This equation assumes complete and instantaneous mixing of air and a catalyst efficiency of 100%. The volume of the hood was about 100 ft3 (2.83 m3), and the ventilation rate (through the catalyst) was about 3 ft3//min (0.08 m3/min). 41, 1981 theoretical line is due to the fact that mixing of air in the hood is not complete and instantaneous. The "mixing factor" is the ratio of the half-time for the theoretical curve to that of the experimental curve and is used to account for the departure of real from ideal conditions (3). The mixing factor usually varies from 1/3 to 1/10 (3); in this instance it was 0.4 (i.e., 25 min/ 56 min), which corresponds to a well-ventilated space. There is no reason to believe the catalyst to be measurably less than 100% efficient. Based on the catalyst geometry and gas flow rate, the superficial gas velocity was 8 cm/s through a 2.5-cm catalyst bed, which yielded a residence time of 0.3 s.
In this study, tests to determine the useful life of the catalyst or the products of catalytic degradation were not made. In theory a catalyst can have infinite life if it remains unpoisoned. It would be prudent to verify periodically, however, that the catalyst is performing as it should by collecting and analyzing an air sample from the hood interior. The products of catalytic oxidative degradation of formaldehyde could include carbon dioxide, water, formic acid, and carbon monoxide. Carbon dioxide and water would probably predominate.
The configuration of the catalyst is also of importance. If the catalyst bed is made too deep for a given bed cross-section, the pressure drop across the bed will increase, and the rate of air flow through the heater will be decreased. (The heater is required to initiate and maintain the activity of the catalyst.) If this occurs, the heater may burn out and need replacement.
By using timers, the decontamination operation can begin with the generation of formaldehyde at the end of the work day when small leaks are of least concern. After 8 h of contact time the catalyst-heater can be activated, and the next morning the hood can be opened. With the hood attached to the building ventilation system the formaldehyde concentrations should rapidly reach pernissible levels, and no discomfort or inconvenience of personnel will occur. With a recirculating type of laminar-flow biological safety cabinet (class II, type A) the use of the catalyst for formaldehyde oxidation will minimize discomfort and inconvenience of personnel.
